Aim: To 1) compare post-wash and post-thaw parameters of sperm processed with PureSperm density gradient technique and swim-up method; and 2) test the efficacy of two commonly available density gradient media PureSperm and ISolate. Methods: This prospective study used semen specimens from 22 patients. Specimens from nine patients were processed by both PureSperm density gradient and swim-up method. These specimens were then cryopreserved. Thirteen specimens were processed by both PureSperm (40 % and 80 %) and Isolate (50 % and 90 %) double density gradient techniques. The two fractions processed by both PureSperm and swim-up were analyzed for post-wash sperm characteristics. Post-thaw analysis was done after 24 hours. Sperm fractions obtained after processing with PureSperm and ISolate were compared for post-wash sperm characteristics and ROS levels. Results: Specimens prepared with PureSperm had significantly higher median total motile sperm counts (TMSC) (32.2 × 10 6 vs. 17.6 × 10 6 ), recovery rates (69.2 % vs. 50.0 %), and longevity at 4 hours (83.0 % vs. 55.0 %) compared to specimen prepared by swim-up. Post-thaw specimens also had a higher recovery and longevity at 4 hours with PureSperm as compared to the swim-up. Semen specimens processed by PureSperm had significantly higher total sperm count, TMSC, and percentage recovery rates (30.0 % vs. 19.7 %) than ISolate. Conclusion: Semen quality is better preserved in fresh and cryopreserved semen prepared with PureSperm density gradient compared to swim-up. A significant enrichment of sperm is observed with PureSperm compared to ISolate. Higher recovery rates of mature motile sperm obtained after PureSperm sperm preparation may be beneficial for successful ART. (Asian J Androl 2005 Mar; 7: 86-92) 
Introduction
The rapid increase of assisted reproductive techniques (ART) as treatment modalities for infertility during the last two decades has led to the development of a wide range of different sperm preparation methods. Following the development of the classical swim-up method, more complicated techniques have been developed to improve the number of motile spermatozoa recovered even in cases of severe andrological pathologies.
An ideal sperm preparation technique should involve the removal of seminal plasma efficiently and quickly. Although seminal plasma protects the spermatozoa from stressful conditions such as oxidative stress [1] , it is endowed with senescent sperm, leukocytes, epithelial cells, particulate debris, and microbial contamination. Seminal plasma contains factors that inhibit the fertilizing ability of the spermatozoa and reduce the induction of capacitation [2, 3] . In addition, an ideal sperm preparation method should be cost-effective and allow for processing of a large volume of the ejaculate, which in turn maximizes the number of spermatozoa available [4] . The sperm preparation technique should also minimize the risk of reactive oxygen species (ROS) generation, as excessive ROS could adversely affect DNA integrity and sperm function in vitro [1, 5] .
Sperm preparation methods are essentially integrated in semen cryopreservation protocols. Freezing of spermatozoa is a routine technique prior to ART, cancer therapy, or vasectomy [6] . Cryopreservation of spermatozoa results in a considerable decrease in motility and pregnancy rate compared to fresh semen [7, 8] . Therefore, pre-freeze specimens should be processed in order to enrich the specimen with higher-quality sperm cells [6, 7] .
For the isolation of functionally normal spermatozoa, sperm migration techniques and gradient centrifugation remain the most popular methods [2] . Swim-up or sperm migration, which separates the sample into motile and non-motile fractions, and double density gradient media such as PureSperm (Nidacon, International AB, Gothenburg, Sweden), which separates spermatozoa according to their density, favors the isolation of motile and morphologically normal sperm [9] . Sperm preparation with the use of density gradient centrifugation has become a standard technique for sperm preparation for use in ART [10] . For density gradient centrifugation, sperm preparation media such as PureSperm, ISolate (Irvine Scientific, Santa Ana, CA), and IxaPrep (Medicult, Copenhagen, Denmark) were introduced to replace Percoll (Pharmacia Biotech AB, Uppsala, Sweden) [11] and concern has arisen over the utility and efficacy of these new products.
In this study, we compared the efficacy of the density gradient technique using PureSperm and standard swim up method and after cryopreservation of prepared sperm. We also compared the post-wash sperm characteristics including ROS levels of the sperm fractions obtained after processing of PureSperm and ISolate density gradient media.
Materials and methods

Subjects
The Cleveland Clinic Foundation Institutional Review Board approved this study. Semen specimens were obtained from 22 men who were evaluated for infertility in our laboratory. All specimens were collected by masturbation at the clinical andrology laboratory after a period of 48-72 hours of abstinence.
After liquefaction, each semen sample was analyzed manually for semen analysis. We performed two experiments. In the first experiment nine specimens were divided into two equal parts and processed by either density gradient technique using PureSperm medium or swimup sperm preparation method (Figure 1 ). In the second . 88 . experiment, after initial semen analysis (n = 13) two equal aliquots were prepared by density gradient technique using either PureSperm or ISolate (Figure 2 ). Sperm recovered by these preparation techniques were assessed for concentration and motility (type a + b) according to the World Health Organization guidelines [12] . Percentage recovery was calculated by dividing post-wash total motile sperm count with pre-wash total motile sperm count and multiplying by 100. Sperm recovered by the two density gradients in the second experiment were also assessed for levels of ROS. In addition, we compared the recovery rates of motile sperm in normospermic and oligospermic patients.
Sperm preparation by density gradients
PureSperm gradients 40 % and 80 % and ISolate gradients 50 % and 90 % were used for the experiment. All procedures were conducted under sterile conditions. Media were brought to 37 °C temperature. Using a sterile pipette 2.0 mL of the "lower layer" (80 % PureSperm gradient or 90 % ISolate gradient) was transferred into a conical centrifuge tube. Using a new sterile pipette 2.0 mL of the "upper layer" (40 % PureSperm gradient or 50 % ISolate gradient) was gently dispensed on top of the lower layer. A liquefied semen sample was then placed on top of the upper layer and the tube was centrifuged for 20 minutes at 330 ×g. The upper and lower layers were carefully aspirated without disturbing the pellet. Using a transfer pipette, 2-3 mL of modified human tubal fluid (mHTF, Sage BioPharma, Bedminster, NJ) was added and the re-suspended pellet was centrifuged for 7 minutes at 330 ×g. The supernatant was then removed and the pellet suspended in a volume of 0.5 mL of mHTF. Sperm count, motility, and ROS levels were estimated in the recovered fractions.
Sperm preparation by the swim-up method
After liquefaction, an aliquot of the specimen was mixed with mHTF (1:4 v/v) using sterile Pasteur pipette and centrifuged at 330 ×g for 10 minutes. The supernatant was carefully aspirated and the pellet re-suspended in 3 mL of fresh mHTF. The re-suspended sample was transferred into two 15 mL sterile round bottom tubes using plastic pipettes and centrifuged at 330 ×g for 5 minutes. The tubes were then incubated at an angle of 45 o for 1 hour in the incubator at 37 o C. After the incubation period, the entire supernatant was aspirated and centrifuged at 330 ×g for 7 minutes. The supernatant was aspirat ed and the pell et re-s uspended in 0.5 mL of mHTF. The final volume was measured and the semen analysis performed on an aliquot of the sample.
Cryopreservation of spermatozoa
The semen specimen processed either by density gradient (n = 9) or swim-up (n = 9) was mixed with an aliquot of TES [N-tris(hydroxymethyl)methyl-2-aminoethane sulphonic acid] and Tris (TEST) yolk buffer equal to 25 % of the original specimen volume to the centrifuge tube with a sterile pipette [13] . The mixture was then gently mixed in an aliquot mixer for 5 minutes and the process was repeated three times or until the TEST yolk buffer volume equaled the original specimen volume. The mixture was transferred into cryovials and frozen after loading them into cryocanes in the liquid nitrogen tanks. The specimen was thawed after 24 hours and post-thaw semen parameters were analyzed.
Reactive oxygen species measurement
Levels of ROS were measured by a chemiluminescence assay using luminol (5-amino-2, 3, -dihydro-1, 4-phthalazinedione; Sigma, St. Louis, MO, USA) as a probe. The measurement used 400 µL aliquot of specimen, 10 µL of luminol, prepared as 5 mmol . L -1 stock in dimethyl sulfoxide (DMSO) were added. A negative control was prepared by adding 10 µL of 5 mmol . L -1 luminol to 400 µL phosphate buffered saline (PBS).
Autol umat LB 9 53 luminometer (Ber thold Technologies, Bad-Wildbad, Germany) was used to measure chemiluminescence in the integrated mode for 15 minutes. The results were expressed as × 10 4 counted photons per minute (cpm) per 20 × 10 6 sperm.
Statistical analysis
Comparisons between groups were performed with Wilcoxon matched-pairs signed-ranks test. P < 0.05 was considered significant using the two-tailed test. Data was analyzed using GraphPad Software Version 3.20 (GraphPad Software, Inc., San Diego, CA, USA).
Results
Sperm preparation by PureSperm density gradient and swim-up
The initial (pre-wash) semen characteristics for comparison between PureSperm density gradient and swimup method were sperm concentration (million . mL -1 ) 78 (61.8-140.5) and percentage motility 54.4 (42.0-64.4). Results comparing the sperm prepared by PureSperm density gradient and swim-up method are illustrated in Table 1 .
Post-wash semen analysis
Total motile sperm (TMS) recovered by PureSperm density gradient method was significantly higher than by the swim-up method (P = 0.003). The percent recovery of sperm processed by PureSperm was significantly higher than swim-up (P = 0.003). Initial motility after processing by the two methods was comparable (P = 0.84). The median (25th, 75th percentile) motility at one hour was significantly higher with PureSperm than with swim-up [82 % (64.3 %-90.0 %) vs. 63 % (56 %-71 %) (P = 0.027)]. Similarly, sperm motility at 4 hours was higher after PureSperm than for swim-up [83 % (67 %-90 %) vs. 55 % (37 %-67 %) (P = 0.011)] ( Figure  3A) . The recovery rate for asthenospermic specimens processed with PureSperm was significantly higher than with swim-up method [66.2 % (51.1 %-79.1 %) vs. 47.0 % (27.8 %-52.5 %) (P = 0.014)].
Post-thaw semen analysis
The total motile sperm count after cryopreservation was significantly higher for specimens processed following preparation by PureSperm compared to swim-up (P = 0.003) ( Table 1 ). In addition, the percent recovery for PureSperm processed specimens was higher than swim-up (P = 0.027). Initial motility (at 0 hour) in postthaw specimens was higher with PureSperm than swimup (P = 0.007). Similarly, the post-thaw motility at 4 hours was significantly higher with PureSperm than with swim-up method [31.0 % (12.4 %-36.5 %) vs. 7.6 % (3.2 %-14.0 %) (P = 0.003)] ( Figure 3B ). . 90 .
Sperm preparation by PureSperm and ISolate density gradients
The initial (pre-wash) semen characteristics for comparison between PureSperm and ISolate density gradients were sperm concentration (million/mL) 41.5 (32 -49) and percentage motility 51(35.7-65). Semen specimens processed by PureSperm gave higher recovery of total sperm count (P = 0.0002) and total motile sperm count (P = 0.0002) compared to ISolate ( Table 2 ). The recovery rate for PureSperm was 37 % higher than ISolate (P = 0.0002). Recovery rates in semen specimens processed with PureSperm was significantly higher than those processed with ISolate in both normozoospermic [43 % (27.8 %-67 %) vs. Percentage motility and ROS levels were similar in the spermatozoa processed by both gradients (P = 0.9 and 0.492, respectively).
Discussion
The need for effective sperm preparation methods has increased with the increased use of assisted reproductive techniques. Sperm preparation techniques vary greatly in terms of recovery rates, motility, morphology, and degree of DNA damage [10, 14, 15] . Due to their simplicity, reproducibility, and excellent yields in motile spermatozoa, Percoll gradients became very popular for processing semen specimens. Percoll was withdrawn due to safety concerns [16] . New sperm preparation media such as PureSperm and Isolate, have been claimed to have low endotoxin levels and provide similar yields of motile sperm as Percoll [10, 11, 17, 18] .
Studies have shown no significant differences between PureSperm and Percoll as sperm preparation media in terms of recovery of progressively motile spermatozoa [10, 17] . PureSperm 3-layer gradients for sperm preparation have been reported to result in specimen with highly motile and morphologically normal spermatozoa [18] . Few studies have examined the differences in sperm quality in semen specimens prepared with PureSperm or swim-up and between PureSperm and ISolate gradient technique.
We report a significantly higher recovery of total motile sperm and longevity in fresh semen specimens prepared with PureSperm density gradient compared to swim-up method. This is contrary to the finding reported by Soderlund et al., who found a higher percentage of progressive motile spermatozoa recovered after swim-up technique. These differences may be because of the significantly high initial motility of semen specimens prepared by the swim-up technique, compared to preparation by the PureSperm technique [17] . In addition, our results show that PureSperm provides a significantly higher recovery of total motile sperm in asthenozoospermic specimens compared to the swim-up method. This finding assumes importance considering the fact that most of the specimens used in ART are from infertile men with poor semen quality.
We found significantly higher recovery of total motile sperm in specimens cryopreserved after PureSperm density gradient, compared to the swim-up method. This finding is especially relevant when spermatozoa are cryopreserved in donor insemination programs and for routine sperm banking before vasectomy and systemic cancer therapy are utilized for future use. However, Chan et al. reported higher post-thaw recovery rate and motion parameters with the swim-up method compared to PureSperm [19] . These higher semen parameters with swim-up in their study may be due to the use of different gradient densities of PureSperm (45 % and 90 %) compared to our study (40 % and 80 %) [19] .
We report significantly higher longevity in fresh and cryopreserved semen specimens prepared with PureSperm density gradient compared to the swim-up method. The improved longevity of spermatozoa prepared by PureSperm may be due to the short processing time (35 to 40 min) of the density gradient method as compared to the swim-up technique (90 min).
Our findings are similar to a study by Hammadeh and Kuhnen, who compared the efficacy of swim-up, PureSperm, and glass-wool filtration. These investigators reported a higher percentage of normal spermatozoa obtained with the PureSperm gradient compared to other techniques. However, there was no significant difference in the fertilization, implantation, and pregnancy rates between the three techniques [20] . Sakkas et al. studied the ability of different sperm preparation techniques to separate spermatozoa with chromatin and nuclear DNA anomalies. The PureSperm and Percoll techniques resulted in high percentages of spermatozoa with nuclear integrity; sperm preparation using the swimup technique did not have the same results [9] .
In our study, semen specimens processed by PureSperm resulted in a higher recovery of total sperm count and total motile sperm count compared to those separated on ISolate. The improved semen quality with PureSperm was maintained when patients were analyzed based on pre-wash motility as normozoospermic or asthenozoospermic. However, others found no significant difference in percentage recovery between PureSperm, Isolate, and Percoll for both normospermic and oligozoospermic patients [21] .
In our study, motility and ROS levels were similar in the spermatozoa processed by both gradients. This is in agreement with the findings of Classens et al. who found no differences in motility after sperm preparation with PureSperm, ISolate, Optiprep, and Percoll [21] . The limitations of our study are small sample size. Different gradient densities of PureSperm (40 % and 80 %) compared to ISolate (50 % and 90 %) could be one of the reasons for the difference observed in our study. Multicenter, blinded studies with a large sample size are required to conclusively prove if any sperm preparation technique provides superior results.
In conclusion, PureSperm density gradient method (using 40 % and 80 % PureSperm gradients) is not only superior to the swim-up method for sperm preparation, but is also a rapid and simple technique compared to the swim-up method. Spermatozoa separated in PureSperm gradient yield higher numbers of motile sperm that can withstand cryopreservation changes better than the specimens prepared by swim-up method. A higher enrichment of spermatozoa was observed when PureSperm was used as density gradient media compared to ISolate. The use of PureSperm gradient may provide higher rates of recovery of mature, motile sperm in the specimens processed for ART, which may result in higher fertilization and pregnancy rates. Prospective studies with fertilization and pregnancy rates as end points are needed to conclusively show the effectiveness of PureSperm in enriching functionally competent spermatozoa.
